A retrospective study is reported assessing final height (FH) and its predictive factors in 52 patients (31 male, 21 female) who underwent renal transplantation (RTx) before the age of 15 y. They received prednisone daily or on alternate days as well as azathioprine. The study period covered 20 y. FH remained below the third height percentile [height standard deviation score for chronologic age (hSDS,,) < -1.881 for most of these patients (77% males, 71% females). Median (range) FH was 165.0 (143.0-176.8) cm in males and 153.0 (135.0-168.4) cm in females. Median difference between FH and target height was 15.0 and 15.4 cm for males and females, respectively. For both sexes, the median hSDS,, was already below -1.88 at the start of the first hemodialysis, after which it decreased significantly until the first RTx. After RTx, there was no significant improvement of hSDS,,.
A retrospective study is reported assessing final height (FH) and its predictive factors in 52 patients (31 male, 21 female) who underwent renal transplantation (RTx) before the age of 15 y. They received prednisone daily or on alternate days as well as azathioprine. The study period covered 20 y. FH remained below the third height percentile [height standard deviation score for chronologic age (hSDS,,) < -1.881 for most of these patients (77% males, 71% females). Median (range) FH was 165.0 (143.0-176.8) cm in males and 153.0 (135.0-168.4) cm in females. Median difference between FH and target height was 15.0 and 15.4 cm for males and females, respectively. For both sexes, the median hSDS,, was already below -1.88 at the start of the first hemodialysis, after which it decreased significantly until the first RTx. After RTx, there was no significant improvement of hSDS,,.
The predictive factors for FH were determined by evaluating various factors simultaneously in a multiple regression analysis. This analysis provided a regression equation for predicting FH. A higher hSDS,, at the time of the first RTx and alternate-day versus daily prednisone therapy both had a significantly positive influence on FH, whereas a longer duration of reduced GFR ( 4 0 mLlminl1.73 m') had a significantly negative effect on FH. Other factors such as age or bone age at first RTx, primary renal disease, duration of initial dialysis, repeat RTx, and the cumulative dose of prednisone did not influence FH significantly. In conclusion, 71-77% of patients that received their first renal transplant before the age of 15 ended up with severely short adult stature. Optimization of the hSDS,., at first RTx appears very important. Long-term administration of prcdnisone on alternate days would then result in optimal FH, particularly if the GFR remains above 50 mL/min/1.73 m2. (Pediatr Res 36: 323-328, 1994)
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FH, final height
RTx, renal transplantation hSDS,,, height standard deviation score for chronologic age HD, hemodialysis AD, alternate-day Growth failure is a common and serious consequence of chronic renal failure in childhood. The majority of these children now survive thanks t o advances in hemodialysis and RTx, but successful transplantation rarely results in full growth rehabilitation. Some children show an appreciable improvement in growth after RTx, but the initially increased growth rate may not be sustained during the ensuing years of immunosuppressive drug administration (1). Van Diemen-Steenvoorde et al. (2) before a bone age of 16 y in boys and 14 y in girls remained more than 2 S D score below the mean. T h e psychosocial consequences of short stature are profound in both children and adults. Recent studies have convincingly shown that recombinant h G H therapy will accelerate growth significantly both before (3, 4) and after RTx (5, 6) . For a true evaluation of this therapy, it is essential t o assess FH and pinpoint its predictive factors in patients not so treated.
W e carried out a retrospective analysis of patients w h o received their first RTx before the age of 15 in the Netherlands during the past 20 y. W e evaluated their height at the start of the first HD, at the first RTx, and at attainment of FH. In addition, w e assessed the impact of several factors o n F H .
METHODS
From February 1972 to May 1990, 212 patients under 15 y of age received their first functioning renal allograft at one of the three pediatric centers involved in this study. This number represents 95% of all Dutch children who underwent a first RTx (95% cadaveric allografts) during this period and excludes those with renal allografts that ceased to function within 3 d after RTx. Of these 212 patients, 149 were suitable for growth analysis, and the remaining 63 were excluded because 18 of them died within 1 y after RTx, records were incomplete for 25 of them, six underwent androgen therapy before RTx, eight suffered from either cystinosis or oxalosis, and six refused access to their data. For the purpose of the present study, we included a cohort of 52 patients, 32 males who were born before July 1970 and 21 females born before July 1972. The study period ran until July 1992.
Evaluation consisted of data from the start of the first dialysis through attainment of FH or the end of the study period. At each examination, the following items were recorded: height, weight, sexual maturation, serum creatinine, episodes of HD and number of RTx, prednisone regimen and dose (mg/kg/d), type and dose of immunosuppressive drugs, occurrence of acute or chronic rejection episodes (diagnosed by a renal biopsy, increased serum creatinine, fever, hypertension, decreased urine output, or renal scintigraphy), and bone age if appropriate. The primary renal disease and parental height were also noted.
Height was measured by experienced persons using the Harpenden stadiometer and expressed as hSDS,.,. Height standards for healthy Dutch children were used as reference data (7). Bone age was determined from radiographs of the left hand and wrist using the method of Greulich and Pyle (8) . Pubertal maturation was recorded according to Tanner and Whitehouse's stage (9) . Determination that FH had been attained was based on radiography showing epiphyseal closure of the hand and wrist and completion of pubertal maturation with a height increment remaining under 0.5 cm/y. At the end of the study period, all but two male patients had achieved FH. Both boys were growing less than 0.5 cm/y, but one of them was still prepubertal at 25 y of age, and the other one had not yet reached a late pubertal stage at age 26. They had reached heights of 158.0 and 143.0 cm, and these were considered their FH. Parental height served to calculate target height for each patient individually, with the exception of one adopted child. Secular trend was taken into account: father's height plus mother's height ? 12 cm/2, + 3 cm (10). Target height in centimeters was converted into target height SDScA, using Dutch standards for FH (7) . GFR was determined using the method described by Morris et al.
(1 1) and expressed as mL/min/ 1.73 m2.
All patients received immunosuppressive medication; azathioprine was used in combination with prednisone starting immediately after RTx. None of the study pa- For each individual patient, we calculated the cumulative dose of prednisone (mg/kg), the percentage of time on AD therapy (%AD), and the total duration (years) of a reduced GFR (defined as GFR < 50 mL/min/1.73 m2) from the start of the first RTx until FH.
Two-sample t test was used to assess differences between two groups. To study the influence of a number of variables on FH after RTx, we carried out a simple linear regression analysis, involving the association between a continuous variable and the FH, whereby each variable was considered singly. To determine the influence on FH of several variables simultaneously, we then carried out multiple regression analyses. This first involved a stepwise, backward elimination procedure on the variables known at the time of the first RTx, i.e. sex (1 = female), duration of initial dialysis period (years), primary renal disease (1 = urinary tract abnormalities, renal hypoplasia, or both; 2 = glomerulopathies and other renal diseases; 3 = nephrotic syndrome), chronologic and bone age at first RTx (years), hSDScA, and target height SD-S, , . Next, the model was extended in a forward selection manner, also stepwise, adding the posttransplant variables, i.e. cumulative dose of prednisone (counted per 100 mgekg), %AD prednisone, and length of time (years) that GFR remained below 50 mL/min/1.73 m2, all concerning FH after RTx.
RESULTS
Clinical data of the 52 study patients are summarized in Table 1 . The primary renal disease was divided into congenital disorders, i.e. urinary tract abnormalities, re- nal hypoplasia, or both in 18 patients and other disorders such as glomerulopathy in 34 patients. All study patients had hemodialysis before their first RTx and none underwent peritoneal dialysis. Forty-one patients in the study group received only one RTx, eight had a second, and three had a third RTx. The GFR of 25 patients (48%, 17 boys and eight girls) was satisfactory (>50 mLlmin/1.73 m2) from the first RTx through FH. However, 27 patients (52%) had a reduced GFR (<50 mWminl1.73 m2) at some time during the study period with a median duration of 4.3 y in boys and 3.4 y in girls.
FH. Median (range) hSDScA of the patients is given in Table 2 , at initiation of HD, at the first RTx, and at attainment of FH. FH is shown in centimeters in comparison with target height. It appeared that the median height for all patients was already below the third percentile for height (<-1.88 hSDScA) at the start of the first HD. A significant mean (SD) decrease of hSDScA occurred during HD (Wilcoxon's signed-rank test, p < female patients. Figure 1 illustrates the hSDScA of each individual patient at various time points. It is apparent that the hSDScA at the start of the first RTx did not improve during the ensuing years. The FH of 77% of male patients and 71% of female patients remained below the third height percentile ( < -1.88 hSDScA).
Impact of various factors on FH. Simple linear regression analysis revealed a significant negative association between FH and the following variables: sex ( p < 0.0001) and duration of GFR < 50 mUmin/1.73 m2 after the first RTx (p = 0.01). A significant positive association was found for the variables hSDScA at the start of HD and at the first RTx (p = 0.04 andp = 0.02, respectively) and %AD prednisone ( p = 0.005). Factors that proved to be insignificant when analyzed individually were age and bone age at first RTx, primary renal disease, duration of initial HD period, target height SDS,,, number of RTx, and cumulative dose of prednisone from the first RTx until FH.
The backward multiple regression analysis performed on the variables known at the time of the first RTx resulted in a model containing sex and the hSDScA at the first RTx. Subsequently, stepwise forward selection including posttransplant variables revealed the following predictive factors: percentage of time on AD prednisone and duration of a reduced GFR (<50 mL/min/1.73 m2). The results of this multiple regression model, given in Table 3 The regression coefficient for sex was -12.4. This means that the difference in FH between males and females will average 12.4 cm, provided that the other factors are equal. This is fully in accordance with the healthy Dutch reference population (7). The regression coefficient for hSDScA at first RTx amounted to 3.9, which means that if two children differ 1 hSDScA at the first RTx this will result in an average difference in FH of 3.9 cm, provided that the other factors are equal. The regression coefficient for duration of reduced GFR was -1.4, implying that for each additional year that the GFR is less than 50 mL/min/1.73 m' , FH will be reduced by 1.4 cm, provided that the other factors are equal. The regression coefficient for the percentage of time on AD prednisone was 0.05, indicating that the FH of two patients, one receiving prednisone AD for 80% and the other 100% daily (= 0% AD), will differ 4 cm on average, provided all other factors remain equal.
None of the other variables, including the cumulative dose of prednisone (p = 0.20), were significantly associ- ated with FH when added simultaneously with the significant variables in the multiple regression analysis.
DISCUSSION
Our study shows that most patients who received their first renal graft before the age of 15 y attained a very disappointing FH, surpassing our worst expectations. For 77% of the men and 71 % of the women, FH remained below the third height percentile (<-1.88 hSDS,,). Other workers have studied posttransplant growth, but very few examined FH systematically (2, 12) . Van Diemen-Steenvoorde et al. (2) reported that one third of patients who received an RTx before a bone age of 16 y in boys and 14 in girls had an FH that fell below -2.00 hSDScA (2) . The relatively better FH results reported for these studies are probably because these were based on data of selected patients that had attained FH at a relatively young age and did not include data of patients with delayed pubertal development. Interestingly, our present findings correspond with the results of a previous study indicating that 70% of the prepubertal children who underwent their first RTx during recent years and were treated with current protocols did not show an appreciable catch-up growth during the first 2 y after RTx (13) . This suggests that the findings of this retrospective study on FH may also be valid for patients treated today.
It appeared that the median hSDScA was already below -1.88 SD at the start of the first dialysis. Subsequently, dialysis led to a significant decrease in hSDS,, until the first RTx, after which it did not improve, resulting in a disappointing FH. The median difference between target height and FH amounted to 15.0 cm in males and 15.4 cm females.
Our study revealed that four factors simultaneously had a significant influence on FH: sex, hSDScA at the time of the first RTx, percentage of time on AD prednisone, and duration of reduced graft function (GFR < 50 mL/min/1.73 m'). As for the first factor, the difference in FH between male and female post-RTx patients was comparable with that of the Dutch reference population (7) . It therefore appears that FH is equally affected in males and females.
Until recently, pretransplant growth retardation was beyond control, despite intensive medical care and dialysis. However, during recent years, it has been convincingly shown that biosynthetic growth hormone treatment accelerates pretransplant growth significantly without adverse effects. Growth hormone treatment did not accelerate epiphyseal maturation, although it improved hSDScA at first RTx, thus promising a better FH (3, 4) . In view of these positive findings, we prefer biosynthetic growth hormone treatment and do not advocate preemptive RTx for severe growth retardation in these children.
It is particularly interesting that a longer duration of reduced GFR (<SO mL/min/1.73 m' ) appeared to have a significant negative effect on FH. Others have observed that reduction in renal graft function was associated with a marked deceleration in growth velocity after RTx (14, 15) , but until now no information on its association with FH has been provided. In a previous study in 19 growthretarded renal allograft patients with a mean GFR of 66 mLlminl1.73 m' , we found a negative correlation between renal graft function and the serum IGF-binding protein-3 levels. This suggests that a reduced GFR may contribute to growth retardation after RTx via increased serum insulin-like growth factor-binding protein levels together with decreased IGF bioavailability (16, 17) .
The present study clearly demonstrates that long-term administration of prednisone on AD has a beneficial effect on FH compared with daily administration, even in the presence of other significant factors. The less negative effect of AD prednisone on statural growth has been reported by others (18, 19) , but some had contradictory results (20) . Information regarding the effect of AD prednisone on long-term growth until FH is very limited. Reported studies merely compared the growth of children on AD prednisone with that of children who were on daily prednisone because of mild deterioration of renal function, without differentiating between the effect of either AD or daily therapy coupled with that of other factors. Recently, a prospective and controlled study analyzed the effect of AD versus daily prednisone therapy on growth during a period of 14-27 mo in a selected group of children with normally functioning renal grafts (21) . It was concluded that the inhibitory effect on growth velocity of a certain cumulative dose of prednisone was significantly less when given on AD, without any additional risk of rejection. From these results together with our present findings, one might conclude that AD prednisone administration is preferable to daily administration. Nonetheless, well-controlled, long-term studies remain important to verify that the AD regimen does not increase the risk of renal graft deterioration.
Other factors such as age or bone age at first RTx, primary renal disease, duration of initial dialysis, repeat RTx, and the cumulative dose of prednisone did not influence FH significantly when analyzed simultaneously with the significant factors. Because all children of this retrospective study were treated in the pre-cyclosporine era, we were not able to evaluate the differential impact of various immunosuppressive regimens. However, in a previous study of prepubertal patients who underwent their first RTx during recent years involving treatment with current immunosuppressive regimens, we found a significantly positive effect of cyclosporine therapy, but the other predictive factors for 2-y posttransplant growth were similar to those found for FH in this study (13) . This suggests that the identified predictive factors for FH may also be valid for patients today.
In conclusion, our findings show that 71-77% of the patients who received their first renal transplant before the age of 15 ended up with severely short adult stature. Revealing important predictive factors for FH, our study is the first one to analyze the long-term influence of many factors simultaneously. It appeared that a higher hSDSCA at the time of the first RTx and AD instead of daily prednisone therapy both had a significantly positive influence on FH, whereas a longer duration of a reduced GFR (<SO mLlminl1.73 m2) had a significantly negative effect on FH. To enhance FH, we therefore recommend treatment with biosynthetic growth hormone to improve hSDScA at RTx (3,4) and subsequent prednisone administration on AD. The finding that long-term administration of prednisone is less growth-inhibiting when administered on AD is also relevant for other children requiring long-term prednisone, such as patients with chronic systemic diseases and patients who survive liver, heart, or lung transplantation.
